Study design: Observational population-based cohort study. Objectives: The main aim of this study was to examine the relative effect of hereditary spastic paraplegia (HSP) on the health-related quality of life (HRQoL). Methods: HRQoL was evaluated using a RAND 36-Item Health Survey 1.0 questionnaire. Fifty-eight patients received a questionnaire through mail and signed an informed consent. The results for the control group were obtained from the RAND-36 data collected in 2004 in the European Social Survey. R2.9.0 and Statistica 6.1 were used to analyze the RAND-36 data. Setting: The study was performed in Estonia, a country with a population of 1.3 million. Results: Completed questionnaires were received from 49 participants (response rate was 84.5%). The control group consisted of 549 individuals from the Estonian population. Patients with HSP had lower mean scores in all categories as compared with the control group. Six of the eight categories showed significant differences, with Po0.0001. For the vitality category, the P-value ranged from 0.000006 from 0.002, and the P-value for the mental health category ranged from 0.001 to 0.055. Conclusions: The HRQoL in patients with HSP was found to be significantly worse than that for the general population. The level of education might affect the HRQoL experienced by HSP patients.
Introduction
Hereditary spastic paraplegia (HSP) is a chronic neurodegenerative disorder marked by clinical and genetic heterogeneity. It has been classified into two forms, 'pure' and 'complex'. Purer HSP presents with spasticity and motor deficits in the legs, brisk reflexes and Babinski's signs; deep sensory impairment and sphincter disturbances are also common. For cases of complex HSP, other neurological or extra-neurological features can be present. 1 Like many chronic neurological disorders, it is suspected, but has not yet been shown evidentially, that HSP affects the everyday life of the patients. Due to the disorder's clinical variability, HSP can not only affect aspects related to mobility, but also the patient's mental and emotional capacities. Correspondingly, the health-related quality of life (HRQoL) in HSP patients is probably significantly worse than that of the healthy population. Despite this, we are not aware of any published studies evaluating the HRQoL of persons with HSP. At the same time other diseases, mainly multiple sclerosis (MS) and spinal cord injury (SCI), which can be clinically very similar to HSP, have been investigated. These are nonfatal disorders that can extend over many years and often involve spastic paraparesis with or without additional neurological features. Furthermore, the degree of paresis can vary considerably in all of the above-mentioned conditions. Studies evaluating HRQoL in MS and SCI showed a deterioration of patients' HRQoL for most of the categories evaluated, with physical health being particularly more affected. 2, 3 Westgren and Levi 4 found that the HRQoL in individuals with SCI was significantly lower in all subscales as compared with a normative population. Whiteneck et al. 5 studied a large group of people with SCI to determine the relative impact of their reported environmental barriers, demographic and injury-related characteristics, and activity limitations in predicting variation in participation and life satisfaction, which is a subjective component of HRQoL. They found that environmental factors did not have a major effect on participation but were major predictors of life satisfaction. Their study also supported previous research findings that life satisfaction is more strongly related to participation than to impairment or activity limitations. 6 When performing HRQoL studies, several measurement tools are available. RAND-36 is a free analogous version of the Medical Outcomes Study (MOS) 36-Item-Short-Form Health Survey (SF-36). [7] [8] [9] The latter one is showed to be an acceptable tool for evaluating HRQoL in SCI and, consequently, it has a promising potential for research in HSP as well. 10 The RAND-36 questionnaire is probably one of the most widely used generic HRQoL instruments. 11 Although the RAND version has a slightly different scoring method, it allows results from the MOS SF-36 and RAND-36 questionnaires to be compared. The design of these questionnaires (consisting of eight categories) is based on a proposed structural model of HRQoL. 12 At the same time most of the studies using RAND-36 do not investigate the internal relations between the different categories within this questionnaire. However, some authors highlight discrepancies between scores on individual categories and their summariesFphysical and mental health. [13] [14] [15] It has been hypothesized that physical and mental health subscales are not independent, in other words, that these subscales do not have divergent validity. Specifically, mental health scores can be inflated due to poor physical health; poor mental health can increase scores on physical health by inadequate self-assessment; negatively weighted mental health subscales can offset the positive contribution of physical health categories and both summaries can have a wider-thanexpected range of scores. 16 A strong correlation between a pair of categories could suggest the effect of one category on another or a common variable simultaneously affecting both of the categories. Different methodological approaches can be applied to investigate the latter hypotheses. While examining the internal structure of the SF-36 using principal-component analysis, Cronbach a-coefficients and itemto-domain correlation analysis Gee et al. 17 found the domain structure of the questionnaire to be robust and the discriminatory ability of the measure disappointing. Upon examining the relative effect of MS and Parkinson's disease on the HRQoL, Riazi et al. performed multiple linear regression analysis for investigating the extent to which one or more predictive variables (independent variables) predict an outcome variable (dependent variable). The authors suggested that the SF-36 mental health dimension has limited validity and it underestimates the effect of the disease on mental health. 2 While looking for associations between the scores of the individual categories, Wight et al. used correlation analysis and found correlations to be present: a high correlation was found between the dimension scores. Specifically, the different physical dimensions were highly correlated with each other, as were the mental/emotional dimensions. However, correlation between physical and mental dimensions was less clear. 18 The results of such analysis could help to understand better and interpret the results of an HRQoL study. Furthermore it is under-investigated whether being a patient rather than a control would coincide with a systematically lower score in any of the RAND-36 categories (regardless of the person's age, sex or education). This question can be investigated using conditional logistic regression analysisFa method more widely used in epidemiological research but not so in HRQoL research at present. 
Materials and methods
All of the total of 59 patients clinically diagnosed with HSP identified in Estonia were invited to participate in this study and signed the informed consent. Contact information was acquired from the Estonian epidemiological study database, which contains patient data collected between 2001 and 2005 using a multi-source approach. 20 Of the 59 HSP cases, only one was ineligible to participate in the study due to her age (11 years) as the questionnaire is designed for persons who are 14 years and older. 21 The remaining 58 available patients received a questionnaire through mail. The HRQoL was evaluated using a RAND 36-Item Health Survey 1.0 questionnaire validated in both Estonian and Russian languages. The detailed structure and scoring of the RAND questionnaire is described elsewhere; 7 however, in brief, a higher score represents better patient health. The format of the RAND-36 assesses the state of a patient's health according to eight categories:
PF (physical functioning)Flimitations of physical functioning due to health problems RP (role-physical)Flimitations in usual activities due to physical health problems RE (role-emotional)Flimitations in usual activities due to emotional problems BP (bodily pain) SF (social functioning)Flimitations of social functioning due to physical or emotional problems GH (general health)Fbased on patient perception VT (vitality)Fenergy and fatigue MH (mental health)Fpsychological distress and wellbeing.
An additional category, health change, evaluates a patient's change in health over a 1-year period. This was the only category that was not compared with the control group, but rather was compared among the participants of the HSP group. The results for the control group (n ¼ 549) were obtained from the RAND-36 data collected in 2004 in the European Social Survey. 22 
Statistical analysis
None of the categories were distributed normally across the groups (as verified by the Shapiro-Wilk test). Therefore, the Mann-Whitney U-test was applied using Statistica 6.1 (Statsoft, 2004) to compare the mean scores for each of the eight categories between the patient and the control groups (representing two independent groups). To eliminate the effect of group magnitude differences on the results of the Mann-Whitney U-tests, a comparison was made between one patient and one randomly selected control subject matched by age and sex. To substantiate these results, this procedure of matched comparison was repeated four times with different control subjects each time.
To analyze the mutual relatedness of the RAND-36 categories, correlation coefficients were calculated between all of the categories. Due to the non-interval nature of the data, Spearman correlation coefficients were computed using Statistical Analysis Systems, version 9.1 (SAS Institute, Cary, NC, USA). To investigate the discriminability of the RAND-36 questionnaire between the groups, while controlling for potential confounding variables, conditional logistic regression was applied using the statistical software R2.9.0FA Language and Environment (The R Development Core Team, 2009). Patients (n ¼ 49) were matched to controls (n ¼ 549) on the basis of age (as a continuous variable) and sex, with 4-22 controls corresponding to each patient. Odds ratios (ORs) and their 95% confidence intervals with and without adjustment to the level of patient education were calculated using conditional logistic regression to further investigate the differences between the RAND-36 scores of the patients and the control subjects. The scores from each category were divided into 3-5 scoring intervals depending on the distribution of individual scores in a certain dimension, and so that equal proportions would be present in each scoring interval. Furthermore, if the dependency between the OR and the score increase was non-monotonic, the number of intervals was increased to five to provide more detail. In the RE category, only four levels of scores appeared in the data, and therefore, each were treated as an interval. For all analyses, statistical significance was defined as Po0.05 (two-sided).
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. This study was approved by the Ethics Review Committee on Human Research of the University of Tartu (Tartu, Estonia).
Results
A total of 58 patients with HSP were eligible to participate in the study and received a RAND-36 questionnaire. Completed questionnaires were received from 49 participants, resulting in a response rate of 84.5%. The control group consisted of 549 individuals from the Estonian population (Table 1) .
Differences in mean scores
Overall, patients with HSP had lower mean scores in all eight categories evaluated by the RAND-36 questionnaire as compared with the control group. RAND-36 scores were distributed non-normally across the study groups. Therefore, for the presentation of data, the medians and extreme quartiles were chosen as more informative (Figure 1) .
The PF and RP categories had the largest differences in scores between the HSP patients and the control group, whereas differences in the RE, SF, BP and GH categories also had substantial differences. The smallest differences were found between the two groups for the VT and MH categories. The magnitude of difference and the most conservative P-value from the results of the four Mann-Whitney U-tests performed for each dimension are presented in Table 2 .
Six of the eight categories showed significant differences with Po0.0001. Similar results were obtained from the four matched comparisons analyzed by Mann-Whitney U-tests. For the VT category, the P-value ranged from 0.000006 to 0.002 and the P-value for the MH category ranged from 0.001 to 0.055. The average health change score for the patient group was 27.0±19.7 points, with 22.5% of the patients scoring 0, 51% of the patients scoring 25, 22.5% of the patients scoring 50 and 4% of the patients scoring 75. Hereditary spastic paraplegia: quality of life M Braschinsky et al
Correlation analyses
Correlation coefficients were calculated between all categories for both groups. In the control group, all eight categories were associated with a positive correlation at a significance of Po0.0001. In contrast, the PF and RP categories displayed weaker, yet still significant, positive correlations with the remaining categories (Table 3) .
Conditional logistic regression
Analysis of conditional logistic regression identified cases, which were less likely to score as high as the age-and sex-matched controls in any category of the RAND-36 questionnaire. For most dimensions, associations were more pronounced after adjusting for education. However, for the VT and MH categories, this association was not monotonic. The ORs for the score distributions for each of the RAND-36 categories are presented in respectively, for the highest scoring interval compared with the lowest scoring interval. Furthermore, in these two categories, the patients were more likely to have a score in the highest scoring interval relative to the second-highest scoring interval. These results indicate that the subscales for the VT and MH categories are not adequate to discriminate between HSP patients and controls.
Discussion
This study compared HRQoL scores among patients with HSP versus the general Estonian population using the RAND-36 questionnaire. Responses to the questionnaire reflected the effect of HSP from the patient's perspective, as well as an estimate of the relative disease burden. As a result, the HRQoL in patients with HSP was found to be significantly worse than that for the general population in all categories, except for MH. In addition, more HSP patients than controls had completed either of the two highest levels of education. As a result, for most categories, differences between scores for the patient group versus the control group were more pronounced after adjusting for education, suggesting that the level of education might affect the HRQoL experienced by HSP patients. Specifically, persons with HSP who have achieved higher levels of education may fare better in terms of HRQoL than those with lower levels of education. There were some differences noted in the extent of the variations detected. For example, the largest contrasts were associated with the two physical domains of the RAND-36 profile, PF and RP. Correlation analyses of the patient group data also showed that the PF and RP categories showed significant, yet weaker, positive correlations with the other categories. While these results would be predicted for the neurological involvement associated with this type of disease, it has not been shown previously for HSP. In addition, there was no statistically significant difference between the mean responses from the patient versus the control groups in the MH category, and the smallest statistically significant difference was associated with the VT category. Conditional logistic regression analysis further identified the smallest, as well as unsystematic, difference between the patient and the control groups for the VT and MH categories. Similar results for the MH category were previously described in patients with MS: Nortvedt et al. 15 concluded from their study, that MH summary scales appear to overestimate mental health in patients with MS. We hypothesize that this result is related to a response shift where changes in internal standards, values and conceptualizations of health status have occurred in response to changes in health and physical function resulting from chronic disease. 23 Another possible explanation is the limited validity of the questionnaire to measure mental health for all diseases, as previously speculated. 2 The results could also represent the true effect of the disease where physical function is affected more significantly than the mental health of the patient. The average health change score for the patient group reflects the overall estimation of the health change experienced by HSP patients over 1 year. In this study, the patient responses reflected that a stable progression of the disease was experienced, which is consistent with the nature of HSP. As the first study to evaluate the HRQoL in persons with HSP, a comparison with previous data is not possible. However, as the RAND-36 questionnaire is a generic measure, it is possible to compare the influence of different disorders on patients' HRQoL. Diseases that are clinically very similar to HSP, and have been relatively well-studied regarding patient's HRQoL, include SCI and MS (mainly the primary progressive form). Especially the latter one was associated with the poorest levels of functioning among numerous neurological conditions. 24 Our results are consistent with those from studies of SCI and MS patients that showed a deterioration of patients' HRQoL for most of the categories evaluated, with physical health being particularly more affected. 2, 3 Lower scores in the physical categories are expected on the basis of the nature of these neurological disorders. HRQoL studies of SCI patients have also shown different results regarding the influence of the patient's level of education. While some studies showed that there was a weak association between HRQoL and education level, other studies have found that a higher level of education was associated with higher HRQoL ratings. 3, [25] [26] A proposed explanation for these observations is that more physically demanding work is typically associated with a lower level of education, and would be more difficult to manage after an SCI. 3 However, this is less likely to be the case for patients with HSP as the disease does not have a sudden onset, but rather is slowly progressive. There are limitations associated with this study. The number of patients that participated in this study is somewhat low. A larger study (possibly including patients with other similar conditions) would have been more robust for statistical analyses, and therefore, more conclusive. Also the results could not be directly compared with those of other named disorders as the same settings were not used. Therefore, we cannot directly evaluate whether HSP affects patients' HRQoL more or less than other disorder(s). In addition, any comparisons made to other clinical situations are indirect, and not entirely conclusive.
In conclusion, the results from this study suggest the need for further research on the HRQoL experienced by HSP patients (including an assessment of healthcare needs). The information provided by this particular study and by studies still to come can help practitioners to address the needs, which would be met by persons with HSP. To ensure the reproducibility of the results presented here, future studies should include an evaluation of the eight parameters addressed by the RAND-36 questionnaire. That knowledge would also help to ascertain whether there are predictor variables that can be altered by professional care providers.
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